The cyclic nucleotide-mediated depression of evoked nals of ORNs, where they have been proposed to contransmitter release was accompanied by a large intribute to the remarkably precise targeting of ORN axons crease in the frequency of spontaneous EPSCs (sEPSCs; forskolin ϭ 6.9-Ϯ 2.2-fold, n ϭ 5; 8-Br-cGMP ϭ 9.4-Ϯ 4.1-fold, n ϭ 6; Figure 2A ). We observed that cyclic
nucleotides selectively depress ON-mediated transmission. These data demonstrate that cyclic nucleotides do not alter the sensitivity of postsynaptic glutamate receptors. cAMP and cGMP are nearly equally effective activators of olfactory CNGCs (Zagotta and Siegelbaum, We also found that the opposing actions of cyclic nucleotides on evoked and spontaneous transmission were sensitive to cyclic nucleotide concentration. Lower concentrations of 8-Br-cGMP (100-150 M) also caused a marked increase in sEPSC frequency (6.9-Ϯ 1.9-fold, n ϭ 7, Figure 3A1 ), but unlike higher concentrations, had no significant effect on evoked transmission (9.1% Ϯ 4.1% inhibition, n ϭ 6, p Ͼ 0.07, Figure 3A2) . Similarly, elevating endogenous levels of cyclic nucleotides by adding IBMX alone (50-100 M) increased sEPSC frequency (1.5-Ϯ 0.4-fold, n ϭ 5, p Ͻ 0.04, Figure  3B1 ) without inhibiting evoked transmission (n ϭ 4, p Ͼ 0.1, Figure 3B2 ). The effect of IBMX was independent of any action on A1 adenosine receptors, since the A1 receptor antagonist DPCPX (50 M) did not block the increase in mEPSC frequency produced by IBMX (data not shown, n ϭ 4). These results indicate that concentrations of cyclic nucleotides that do not inhibit evoked transmission cause a marked increase in spontaneous transmitter release.
PG cells receive glutamatergic input from ON fibers as well as M/T cell dendrites (Shepherd and Greer, 1998). To confirm that cyclic nucleotides were acting on olfactory nerve terminals, we simultaneously recorded field EPSPs (fEPSPs) in olfactory bulb glomeruli evoked by ON and mitral cell (MC) stimulation. As found for PG cell EPSCs, a high concentration of 8-Br-cGMP (500 M) caused a marked depression of the ON-evoked fEPSP (Figure 4 , p Ͻ 0.01). In contrast, 8-Br-cGMP had no Figure 6 ). 4.5% inhibition, n ϭ 4), indicating that cyclic nucleotides did not alter transmission by activating I h channels.
This effect was also observed in Ca ). In the presence of baclofen, 8-Brmission between olfactory nerve fibers and their targets cGMP (500 M) increased the amplitude of the first in the olfactory bulb but have no effect on synaptic EPSC by ‫%57ف‬ ( Figure 9A ) and changed the PPR from transmission in mice lacking CNGCs, indicating that the facilitation (2.11 Ϯ 0.15) to depression (0.91 Ϯ 0.06; effects of cyclic nucleotides are mediated entirely by Figure 9B , p Ͻ 0.01). 8-Br-cGMP had similar effects CNGC activation. Strong activation of CNGCs dewhen release probability was lowered by applying the presses evoked transmission by altering olfactory nerve Ca 2ϩ channel blocker Cd 2ϩ (50-75 M) or performing fiber excitability while both weak and strong CNGC actithe experiment in aCSF with low extracellular Ca 2ϩ (0.5-1 vation increase spontaneous transmitter release. These mM; data not shown, n ϭ 5).
effects are specific to ON-mediated transmission, since We also examined the actions of low concentrations cyclic nucleotides modulate ON-but not mitral cell input of cyclic nucleotides when release probability was reto olfactory bulb glomeruli. it is significantly more difficult to titrate the concentration of intracellular cyclic nucleotides, we find that modinternal stores, though we are unaware of any studies that support this possibility.
erate concentrations of 8-Br-cGMP (which are more likely to be physiologically relevant) enhance spontaneIncreasing presynaptic Ca 2ϩ typically enhances transmitter release. Indeed, cyclic nucleotides increased the ous transmitter release without inhibiting evoked transmission. Indeed, simply blocking endogenous phosphofrequency of miniature EPSCs in PG cells. What could account for the simultaneous increase in presynaptic diesterase activity with IBMX increased spontaneous transmitter release, suggesting that regulation of endogCa 2ϩ and reduction in evoked transmission in response to strong CNGC activation? It is conceivable that the enous cyclic nucleotide levels in ON terminals can influence activation of CNGCs. Presumably moderate activadepression of evoked transmission could be a consequence of vesicle depletion due to the increase in spontion of presynaptic CNGCs enables Ca 2ϩ influx to facilitate transmitter release but does not produce taneous transmitter release. However, we saw no obvious correlation between the relative inhibition of evoked enough depolarization to block action potential propagation into ON terminals. responses and the increase in sEPSC frequency produced by cyclic nucleotides in the same cells. This sug-ON-evoked EPSCs show marked paired pulse depression, suggesting that release probability is high under gests that changes in vesicle availability do not underlie the depression of evoked transmission. normal conditions. Although activation of presynaptic CNGCs increased spontaneous transmitter release, unAn alternative explanation for the inhibition of evoked release is that strong CNGC-mediated membrane depoder normal conditions, we observed no change in the paired pulse ratio of evoked transmission. However, we larization of olfactory nerve terminals alters ON excitability. Consistent with this idea, high concentrations of show that activation of presynaptic CNGCs can indeed increase release probability since cyclic nucleotides alcyclic nucleotides abolished the ON fiber volley. This effect was mimicked by depolarizing nerve fibers with ter the paired pulse ratio when release probability is low. Several studies indicate that presynaptic metabotropic an elevated K ϩ aCSF. The changes in ON excitability produced by cyclic nucleotides were not due to Ca 
